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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method by which an 
ALD method can be performed while minimizing cost and wear 
of a processing system by using a solid or liquid reactant 
source and also using a purifier for removing the solid particles 
or mist emitted from a precursor source. 
SOLUTION: In this method, a thin film is grown on a substrate 
placed in a reaction chamber according to an ALD method. A 
vaporized reactant is introduced from the reactant source via a 
first conduit into the reaction chamber. The above reactant is 
supplied repeatedly in the form of a vapor-phase pulse 
alternately with a vapor-phase pulse of at least one other 
reactant into the above reaction chamber and allowed to react 
with the surface of the substrate, by which a thin film 
compound is deposited on the substrate. By supplying, between 
the respective vapor-phase pulses of the different reactants, 
inert gas into the first conduit via a second conduit connected 
to the above first conduit a vapor-phase barrier is formed 
against the flow of the vapor-phase reactant flowing from the 
reactant source-via the first conduit into the reaction chamber, 

and the inert gas is drawn out of the first conduit via a third conduit connected to the first conduit on 
the upstream side of the second conduit. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] It is the approach of growing up a thin film according to the ALD method on the substrate put on 
the reaction chamber. - A reactant is made to evaporate from the reactant generation source maintained at 
evaporation temperature, and it is -. The evaporated reactant is led to a reaction chamber through the 1st 
conduit, and it is -. The above-mentioned reactant by gaseous-phase pulse form voice The gaseous-phase 
pulse of other at least one reactant, and by turns, the repeat above-mentioned reaction chamber is supplied 
and it is -. The evaporated reactant Before supplying this to a reaction chamber, they are through and - to a 
purification machine. Each above process which the above-mentioned gaseous-phase-reaction object is 
made to react with the front face of a substrate with reaction temperature, and forms a thin film compound 
on a substrate is included, and it is -. Between the gaseous-phase pulse of a reactant, and a gaseous-phase 
pulse By supplying inert gas to the 1st conduit through the 2nd conduit connected to the 1st conduit of the 
above in a node A gaseous-phase barrier is formed to the flow of the gaseous-phase-reaction object to 
[ through the 1st conduit ] in a reaction chamber from a reactant generation source. - Approach characterized 
by the above thing which is the same as the condensation temperature of a gaseous-phase-reaction object, or 
is maintained at temperature higher than it, and draws out inert gas from the 1st conduit through the 3rd 
conduit connected to the 1st conduit by the upstream from the 2nd conduit. 

[Claim 2] The approach according to claim 1 the inert gas supplied through the 2nd conduit crosses more 
than die length with the 1st conduit, and flows to the flow and the reverse sense of a reactant. 
[Claim 3] The approach according to claim 1 by which the 2nd conduit is the same as reaction temperature, 
or is maintained at temperature lower than it. 

[Claim 4] Claims 1-3 which the 2nd conduit becomes from an open gas passageway are the approaches of a 
publication either. 

[Claim 5] supplying inert gas to the 1st conduit by the downstream from the location which the 2nd conduit 
connects to the 1st conduit — the 1st conduit — either of claims 1-4 which pass inert gas to the flow and the 
reverse sense of a reactant in inside — the approach of a publication. 

[Claim 6] Claims 1-5 a purification machine is a filter, a ceramic molecular sieve, or an electrostatic filter, 
and is [ claims ] what can separate the drop currently distributed in it, a solid particulate, or the molecule of 
the minimum molecule size from the flow of reactant gas are the approaches of a publication either. 
[Claim 7] The component to which a purification machine exists in the flow of reactant gas, and claims 1-5 
it is [ claims ] the purification machine of the active mold which has the functional group to which it can 
react are the approach of a publication either. 

[Claim 8] the solid-state or liquid reactant which the 1st conduit has connected the reactant generation 
source and the reaction chamber, and was evaporated — the passage of a reactant — meeting — the 1st 
conduit ~ either of claims 1-7 which do not contain the suspension object or solid particulate in the filter put 
on inside - the approach of a publication. 

[Claim 9] The approach according to claim 8 which the 2nd conduit connects to the 1st conduit in the 
location between a filter and a reaction chamber. 

[Claim 10] The approach according to claim 9 the gas stream which passes a filter flows to an one direction. 

[Claim 1 1] The approach according to claim 9 or 10 by which a gaseous-phase barrier is formed between a 
filter and a reaction chamber. 

[Claim 12] The approach according to claim 8 which the 2nd conduit connects to the 1st conduit in the 
location between a reactant generation source and a filter. 

[Claim 13] The approach according to claim 12 which the 3rd conduit connects to the 1st conduit in the 
location between the node of the 1st conduit and the 2nd conduit, and a reactant generation source. 
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[Claim 14] The approach of one of the above given in a claim the reactant generation source is well- 
informed about the 1st conduit and freedom. 

[Claim 1 5] an unreacted gaseous-phase-reaction object » an outlet — lengthen and blunder from a reaction 
chamber through a conduit — the 3rd conduit — the outlet — the approach of one of the above given in a 
claim linked to a conduit. 

[Claim 16] Claims 1-14 which the 3rd conduit connects to the exhaust air means established independently 
are the approaches of a publication either. 

[Claim 17] The approach of one of the above given in a claim using inert gas as carrier gas of the vaporized 
solid-state or a liquid reactant. 

[Claim 18] The approach according to claim 17 by which all are led to a drain through the 3rd conduit 
substantially [ the gaseous-phase-reaction object from a reactant generation source ] between the pulses and 
pulses which supply a gaseous-phase-reaction object to a reaction chamber. 

[Claim 19] The approach of one of the above it is made to make the remainder of the reactant which the 3rd 
conduit connected to the condenser maintained at a lower pressure and/or temperature, and evaporated 
condense given in a claim. 

[Claim 20] The approach of one of the above given in a claim the 3rd conduit connects inert gas to the 4th 
conduit for supplying the 3rd conduit. 

[Claim 21] The approach according to claim 19 of supplying inert gas to the 3rd conduit, in order to reduce 
the amount of the gas drawn out from the 1st conduit. 

[Claim 22] The approach according to claim 20 or 21 by which inert gas is supplied into pulse delivery of a 
reactant. 

[Claim 23] For inert gas, claims 20-22 supplied to the 3rd conduit by the upstream rather than all flow rate 
limiters are the approaches of a publication either. 

[Claim 24] Inert gas is the approach of one of the above supplied to a reaction chamber between the 
gaseous-phase pulse of a reactant, and a gaseous-phase pulse given in a claim. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to manufacture of a thin film. Especially this invention relates 
to the approach of growing up a thin film on a substrate. In this approach, a substrate is placed all over a 
reaction chamber, it is put to the surface reaction of two or more gaseous-phase-reaction objects, and a thin 
film is formed by the ALD method. 
[0002] 

[Description of the Prior Art] Conventionally, it is known for vacuum deposition, molecular beam epitaxy 
(MBE) and other similar vacuum depositing methods, the various strange methods (a low voltage method 
and an organic metal CVD, or plasma strengthening CVD) of chemical vacuum deposition (C VD), and the 
technical field concerned outlined Following ALD instead of this as atomic layer deposition, and is made to 
grow up before using the deposition approach based on the mutual surface reaction currently called atomic 
layer epitaxy, i.e., "ALE", and a thin film is ♦***. The equipment used for an ALD process is ASM of 
Finland country Espo at the name of ALCVDTM. Microchemistry It is supplied from Oy. In addition to 
other variables, a thin film growth rate is influenced by the concentration of a start raw material inflow in 
the MBE method and a CVD method. In order to obtain surface smooth nature with the uniform thin film 
manufactured using these approaches, the concentration of a start raw material and reactivity must be 
maintained at homogeneity over all the surface fields of a substrate. Supposing start raw material of each 
other which is different like [ in the case of a CVD method ] before arriving at a substrate front face is 
mixed, the possibility of the mutual reaction between reaction components is what always drew near. The 
danger that will be the supply line of a gas reactant and a particle will already be formed here arises. This 
impalpable powder makes the quality of the thin film generally deposited deteriorate. But generating of the 
***% reac ti on ^ MBE or a CVD reactor is avoidable by heating a reactant for the first time for example, on 
a substrate. A desired reaction can also be made not only according to heating but to start with the help of 
the plasma or other similar activation means. 

[0003] In the MBE method and a CVD method, the growth rate of a thin film is adjusted by controlling the 
inflow rate of the start raw material which mainly collides with a substrate. By contrast, the thin film growth 
rate in the ALD method is not by the concentration or other quality of a start raw material inflow, and is 
controlled by the substrate surface characteristic. Even free being required in the ALD method is that a start 
raw material is supplied on a substrate by sufficient concentration for film growth. 

[0004] The ALD method is indicated by the Finland country patent No. 52,359, No. 57,975, U.S. Pat. No. 
4,058,430, and No. 4,389,973. Furthermore, some equipment configurations which were suitable for the 
Finland country patent No. 97,730, No. 97,731, and No. 100,409 enforcing the approach concerned are 
indicated. The equipment for thin film deposition is MaterialScience further. Report It is indicated by 4 (7), 
(1989), p.261 and Tyhjiotekniikka (vacuum technology), ISBN 951-794-422-5, and pp.253-261. 
[0005] In the ALD method, the molecular layer saturated completely is formed on it by carrying out the 
sweep of an atom or the molecule on a substrate, and colliding with the front face continuously. According 
to the conventional technique well-known from the Finland country patent No. 57,975 specification, the 
protection gas pulse which forms the diffusion barrier which sweeps away a superfluous start raw material 
and a gas resultant follows the saturation process concerned from a substrate. Mutual mixing of a continuous 
reactant pulse must be avoided. The protection gas pulse for forming the diffusion barrier which separates 
mutually the pulse which a different start raw material follows, and the continuous start raw material pulse 
concerned enables growth of the thin film in the rate controlled by the surface chemistry property of the 
different raw material concerned. Pulse occurrence of a gas reactant and purge gas is controlled by the bulb. 
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[0006] The essential description of an ALD process is what condensation of a reactant [ / near the reaction 
chamber ] should be avoided for. especially — the conduit between a reactant generation source and a 
reaction chamber — condensation of the reactant on the substrate inside and in a reaction chamber makes the 
quality of a thin film deteriorate remarkably It distributes in a reactant style and the drop or particle 
condensed or sublimated in the reactant supply way has a possibility of producing heterogeneity in a thin 
film. The same thing is applied to the solid particulate on the thin film in a reaction chamber, or 
condensation of a drop. Thus, an ALD process is operated so that the temperature in the equipment ("hot 
zone") which connects a reactant generation source and the outlet of a reaction chamber mutually may not 
fall below to the condensation temperature of a reactant. 

[0007] The temperature of an ALD process is defined with the reactant used and the pressure applied. 
Generally it is between the evaporation temperature of a reactant, and decomposition temperature. Usually, 
the temperature is about 25 degrees C to 500 degrees C. There is a clear inclination which uses a low 
volatility reactant like a solid-state or a high-boiling point precursor. This reactant is more easy handling. 
However, an applicable temperature requirement is clearly higher than the thing of the reactant of a gas or a 
liquid. Usually, 250 degrees C - 500 degrees C of sources of a solid-state are typically used at the 
temperature of the range of 300 degrees C - 450 degrees C. A pressure range does not exceed 50mbars 
preferably about one to 100 mbar typically. 

[0008] When using a solid reactant generation source, since it always is not enough to make possible 
sufficiently powerful flow of the gaseous-phase-reaction object pulse from it to a reaction chamber, carrier 
gas must be used for the vapor pressure of the generation source concerned in order to supply a reactant 
steam. Since many of sources of a solid-state are the powder objects containing the very detailed matter 
(dust), when the flow of carrier gas flows through a reactant ingredient, it has the danger of contamination of 
the gaseous-phase-reaction object pulse by the small solid particulate. These particles check growth of a thin 
film. The liquid reactant which has a high-boiling point also faces the same problem in that the flow of 
carrier gas may generate fog by the detailed drop distributed in it. before being supplied to a reaction 
chamber, in order that [ therefore, ] a gas reactant pulse may remove what kind of liquid which exists in a 
gas stream, a drop, or a solid particulate — a purification machine ~ probably, it must be preferably led to an 
electrostatic purification machine. There is the conventional filter with which a gas stream flows as this 
purification machine through the layer of the foam which has a macromolecule hole. 
[0009] The actuation in an elevated temperature will impose [ rather than ] severe requirements to ALD 
equipment with the inclination which uses the reactant which has the high boiling point or sublimation 
temperature from the condensation temperature of a reactant which used the reactant which does not contain 
the particle or drop which may check the fundamental requirement of ALD, i.e., uniform growth of a thin 
film. Typically, it is necessary to design this equipment so that reliable actuation in the elevated temperature 
of the range of about 250-500 degrees C and reduced pressure can be performed. Thus, the equipment used 
by the hot zone must be equal to an operation of the reactant to which it not only must bear such 
temperature, but reactivity evaporated the ingredient in the temperature concerned. These conditions are 
required especially of the gasket and packing of the mechanical bulb conventionally used for pulse 
occurrence of a reactant and purge gas, the bulb concerned, and other fittings. Wear of the polymeric 
materials currently used for these gaskets and packing will cause the problem of dust further, and will 
produce contamination of a gaseous-phase-reaction object pulse. Thus, it is necessary to add an electrostatic 
purification machine to the ALD equipment designed for several reasons for use of the raw material of a 
solid-state or/and a liquid. 
[0010] 

[Problem(s) to be Solved by the Invention] The purpose of this invention is offering the new method of 
growing up a thin film by the ALD method on the substrate placed into the reaction chamber. Especially the 
purpose of this invention is offering the approach the ALD method's being enforced, using a purification 
machine and making wear of cost and a process unit into min, in order to remove the solid particulate or 
drop which uses the reactant generation source of a solid-state or a liquid, for example, is emitted from a 
precursor generation source. 

[001 1] These purpose and other purposes are attained by invention by which was indicated and the claim 
was carried out to below with the dominance point over the well-known approach of becoming clear by the 
following publications. 
[0012] 

[Means for Solving the Problem] the conduit which connects a reactant generation source and a reaction 
chamber mutually for the mechanical bulb currently used for this invention controlling pulse occurrence of 
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the flow of the reactant from the generation source of a precursor to a reaction chamber, i.e., a reactant, 
conventionally — generally it is based on the idea of permuting by the gas stream barrier formed in inside by 
inactive or non-reactivity gas. These gas barriers are generated by the time interval between two continuous 
pulses of reaction-of-identity object gas. This time interval usually includes the purge pulse, the pulse of 
another reactant, and the further purge pulse. 

[0013] said interconnect which calls this invention the 1st conduit to below in fact — a conduit » it carries 
out by supplying inert gas through the 1st conduit and the 2nd connected conduit to inside in a node, the 
discharge which has connected inert gas subsequently to the 1st conduit — it is drawn out from the 1st 
conduit through a conduit (following the "3rd conduit"). The 3rd conduit bypasses a reactor, is the same as 
the condensation temperature of a gaseous-phase-reaction object, or is maintained at temperature higher than 
it. By connecting the 3rd conduit with the 1st conduit by the upstream from the connection of the 2nd 
conduit, it becomes possible to counter the flow of the evaporated reactant which goes to a reaction chamber 
from a reactant generation source through the 1st conduit, and to form a gaseous-phase barrier. More 
specifically, this invention approach is characterized by the place indicated by the description part of claim 
1. 

[0014] A great advantage is acquired by this invention. That is, it is avoidable that mechanical parts operate 
in all the parts currently operated at the temperature exceeding evaporation temperature or almost all parts 
according to this process. Actuation of this adjustment device called "an inert gas bulb operation" to below 
cannot be trusted, and is not sensitive to fluctuation of the chemical property of a precursor. Since moving 
parts are not included, the need for investment cost and a maintenance effort decreases fairly. Pulse 
occurrence of a reactant can be carried out by the inert gas bulb operation system only using one bulb which 
controls the flow of the carrier gas from the source of non-reactivity gas, or the source of inert gas to a 
precursor generation source so that the following may discuss in a detail. This bulb can be maintained at 
ordinary temperature and does not touch a reactant and directly, discharge — by maintaining the temperature 
of a conduit at the temperature exceeding the evaporation temperature of a reactant, condensation of the 
reactant in the hot zone of equipment is avoidable, a purge phase — setting ~ the 3rd conduit — are recording 
of the reactant condensed to inside is not seen. All the parts of equipment have more little formation of the 
particle which is maintained at clarification and may trespass upon a reaction chamber. Waste of the 
precursor in a purge cycle can be made into the minimum by giving a static gas stream condition to a raw 
material. 

[0015] the conduit with which a purification machine connects a reactant generation source and a reaction 
chamber mutually — according to the suitable operation gestalt currently added to inside, an inert gas barrier 
is prepared in the downstream of a purification machine, and gas flows in a purification vessel in all 
actuation of the ALD method in an one direction. Since the flow direction which passes a purification 
machine does not change, the danger that the particle or drop by which the purification machine was 
adsorbed will be emitted from there is removed. Next, this invention is examined in more detail by referring 
to an attached drawing in addition to the following detailed explanation. 
[0016] 

[Embodiment of the Invention] It is the approach which this invention offers of growing up a thin film on a 
substrate, and this approach places a substrate all over a reaction chamber, is made to react with two or more 
gaseous-phase-reaction objects on a front face, and makes a thin film form by the ALD method. 
[0017] Generally this approach leads the reactant which makes the following process: reactants evaporate 
from a reactant generation source and of which; evaporation was done to a reaction chamber through the 1st 
conduit, and is gaseous-phase pulse form voice in a reaction chamber about this reactant. the gaseous-phase 
pulse of other at least one reactant, and alternation — repeating — introducing — ; — these gaseous-phase- 
reaction objects are made to react with the front face and reaction temperature of a substrate, and it consists 
of a; process which makes a thin film compound make on a substrate. 

[0018] according to this invention — inert gas — using — a gaseous-phase barrier — making — under a purge 
and supply of other reactants — a reactant — reactant supply — it prevents leaking and coming out from a 
conduit all over a reaction chamber, therefore, the conduit with which this invention connects a reactant 
generation source and a reaction chamber - it includes making a gaseous-phase barrier in the part which has 
either this side of a purification machine, or the back in inside. This gaseous-phase barrier consists of flow 
of a desirable non-reactant gas (more generally it is called "inert gas" to below), and the flow of the reactant 
which evaporated this flow flows to the reverse sense. The point that inert gas goes into the 1st conduit 
through the 2nd conduit is located in the downstream (a reactant related with the usual flow direction which 
goes to a reaction chamber from a generation source) from the location where inert gas is drawn out from a 
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conduit. In this way, the inert gas supplied through the 2nd conduit about the length which has the 1st 
conduit at least goes to the flow and the opposite direction of a reactant. 

[0019] If it summarizes, while the bulb operation by inert gas arises, by the barrier zone (between nodes 
with the 2nd and 3rd conduits in the 1 st conduit) of the 1 st conduit, the gas stream pattern of going to the 
way of a reactant generation source will be seen toward a reaction chamber during pulse occurrence, after — 
more ~ ********** in order to cut down useless consumption of the reactant under pulse occurrence by 
one of the desirable operation gestalten like — the 3rd conduit — a barrier zone may be prepared in inside. 
[0020] The word "inactive" "gas" says among the text the gaseous thing which is introduced into reaction 
space and can prevent the reaction which is not desirable about a reactant and each substrate. By the 
approach of this invention, inert gas is preferably used also as a carrier gas of the gaseous-phase pulse of a 
reactant, and is used for giving the gas barrier by which it is made for the remainder of a reactant not to flow 
in all over a reaction chamber during the purge of a reaction chamber especially. Being mentioned as inert 
gas suitable for using it for this approach has rare gas, such as non-reactivity gas, such as nitrogen gas, and 
an argon. 

[0021] "A purge of a reaction chamber" means supplying inert gas to a reaction chamber between the 
gaseous-phase pulse of a reactant, and a gaseous-phase pulse. Before introducing the following pulse, a 
purge is performed in order to lower the residual concentration of a front gaseous-phase pulse. 
[0022] The word "reactant" puts with a vaporizable ingredient among the text a substrate front face and the 
thing which can react. Usually the reactant which belongs to two different groups by the ALD method is 
used. A reactant can be a solid-state, a liquid, or a gas. The word "metallicity reactant" is used also for a 
metallic element also about metallic compounds. Suitable metallicity reactants are metal halogenides, such 
as a chloride and a bromide, and an organometallic compound like a thd complex compound. As a 
metallicity reactant, Zn, ZnC12, TiC14, calcium (thd)2, 3(CH3) aluminum, and Cp2Mg can be mentioned. 
The word "nonmetal sexual response object" is used for a metallicity reactant, the compound which can 
react, and an element. Water, sulfur, a hydrogen sulfide, and ammonia can be mentioned as a nonmetal 
sexual response object. The word "precursor" is used for a "reactant" and homonymy. 
[0023] This invention is suitable for especially using the precursor which is a liquid or a solid-state in 
ordinary temperature ordinary pressure. 

[0024] A "reactant generation source" can pay reactant ingredients and points out receptacles, such as a 
container which can make a reactant evaporate in it. This is equipped with the outlet nozzle which can 
connect with the conduit which connects an introductory nozzle, and the generation source and reaction 
chamber for usually introducing carrier gas into a container. A reactant generation source can be equipped 
with the independent heating means. Or it can also heat by supplying the heated carrier gas into a container. 
An introductory nozzle is prepared in the flow rate bulb which usually adjusts the flow of the carrier gas 
which flows in into a container. As for an outlet nozzle, it is desirable that do not connect with a bulb but it 
is open for free passage to the 1st conduit and freedom. 

[0025] Tubing made from a metal or glass has tied the reactant generation source and the reaction chamber 
with "the 1st conduit" mutually. As explained below, the 1st conduit is equipped with at least two 
connection branch pipes, one is for introducing inert gas (by the way a conduit [ Inert gas supply nozzle ] 
connection), and another is for drawing out inert gas. 

[0026] An impurity called the solid particulate and drop of a reaction chamber fine in this side is removed 
from a reactant pulse by the "purification machine." Although separation of an impurity can be performed 
based on a particle or molecular size, it can also be based on the chemical property of an impurity, or 
electrostatic charge. By one of the desirable operation gestalten, a purification machine consists of a filter or 
a molecular sieve especially. Moreover, an electrostatic filter, the existing specific compound (for example, 
water in a precursor steam), and the chemical purification machine which has the functional group which 
can react can also be used, although a purification machine can also be constituted as a separate purification 
unit or a purification container, or it incorporates a purification machine between precursor matter (front 
face) among a reactant generation source — or the passage of a reactant — meeting — the 1st conduit — a 
location suitable at the relation between inside and an inert gas supply nozzle - constructing — substance - 
things are desirable. 

[0027] According to one of the desirable operation gestalten, the 3rd conduit consists of an open gas 
passageway. The word "disconnection" means the gas passageway which is not equipped with the bulb 
which can be closed completely. However, a flow rate limiter like a capillary tube may be prepared. The 3rd 
conduit is bypassing the reaction chamber and constitutes the drain of the 1st conduit. In order to avoid 
condensation, the temperature of the 3rd conduit is the same as the condensation temperature of a gaseous- 
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phase-reaction object, or is kept higher than it. Moreover, it is the same as reaction temperature, or is kept 
desirable to temperature lower than it. 

[0028] It can connect with the 1st conduit in the location between a filter and a reaction chamber, and the 
2nd conduit can make the gas stream of the one direction which passes a filter. With this operation gestalt, a 
gaseous-phase barrier is formed between a filter and a reaction chamber. The 2nd conduit is also 
connectable with the 1st conduit in the location between a reactant generation source and a filter. 
[0029] The 3rd conduit (drain) is connectable with the 1st conduit between the node of the 1st conduit and 
the 2nd conduit, and a reactant generation source, an unreacted gaseous-phase-reaction object — an outlet — 
although drawn out from a reaction chamber through a conduit — the 3rd conduit — this outlet it is 
connectable with a conduit. However, the 3rd conduit may be connected to a separate exhaust air means. 
[0030] In one of the desirable operation gestalten, the gaseous-phase-reaction object from a generation 
source is substantially led to a drain through the 3rd conduit altogether between the pulses and pulses which 
supply a gaseous-phase-reaction object to a reaction chamber. Also during occurrence of the reactant pulse 
from a reactant generation source, since the 3rd conduit is not closed by the bulb, a small amount of 
precursor is flowing from the generation source to the 3rd conduit also during occurrence of a reactant pulse. 

[0031] The reactant steam of the surplus drawn out through the 3rd conduit can be recycled. However, it is 
more desirable to discard a reactant. In one of the operation gestalten, the 3rd conduit is connected to a 
condenser, and this condenser has made a pressure and/or temperature low so that the residue of the 
evaporated reactant may condense. 

[0032] There is less flow of the inert gas which passes along the 3rd conduit than the flow of the gas which 
usually passes along the 1 st conduit, however, the following examples describe - as — a case ~ a drain — it 
may be necessary to enlarge flow which passes along a conduit Generally, the flow which passes along the 
3rd conduit is about 1/5 of the flow which passes along the 1st conduit. It is 10% or less few especially more 
preferably than 15% which flows to a reaction chamber through the 1st conduit preferably of an amount. In 
order to make into min the reactant lost through the 3rd conduit during pulse occurrence, the 4th conduit is 
connectable with the 3rd conduit. Inert gas is supplied to the flow and the reverse sense of gas which are 
drawn out from the 1 st conduit through this 4th conduit at the 3rd conduit. In this way, the inert gas supplied 
from the 4th conduit becomes what a reactant steam "is put back for" back to the direction of the 1st conduit. 
Another advantage of introducing inert gas separately is that the precursor in inert gas is diluted, and, 
thereby, a condensation inclination is eased. 

[0033] in order to adjust the relative rate of flow of the 1st and the 3rd conduit — the 3rd conduit — it is 
desirable to include a flow rate limiter in inside. A static diaphragm like a capillary tube part exchangeable 
according to a situation as such a flow rate limiter can be used. Since a static diaphragm does not have the 
part which moves, it excels in endurance. 

[0034] By supplying inert gas to the location between the upstream, i.e., a flow rate limiter, and the node to 
the 1st conduit from the flow rate limiter of the 4th conduit to the 3rd conduit, another gas barrier zone can 
be formed into 1 pulse load, and loss of a precursor can be reduced. This description is discussed in more 
detail in the following examples. [0035] This invention can be carried out in relation to the specific gestalt 
of the ALD method indicated more by the detail in another application of the same applicant. The gestalt 
carries out the chemical reaction of the residual component of a former gaseous-phase pulse, and it is based 
on the way of thinking of changing into the resultant which does not block ALD growth of the thin film on 
the substrate placed into the reaction chamber in the component. A solid-state resultant generates. This 
product is separately removable from a reactor. Preferably, some reactant molecules of future gaseous-phase 
pulses fall victim, and it is used in order to depletion-ize residual concentration of a former gaseous-phase 
pulse chemically. Therefore, according to this gestalt, before future gaseous-phase pulses are supplied to a 
reaction chamber, future gaseous-phase pulses generate the resultant of the reactant of future gaseous-phase 
pulses, and the reactant of a former gaseous-phase pulse by contacting the residual component of a former 
gaseous-phase pulse. 

[0036] The reactant of the gaseous-phase pulse which has a preliminary reaction region in the upstream 
immediately, and continues there of a reaction chamber can react mutually by the gaseous phase, and the 
equipment of the above-mentioned specific ALD gestalt can produce a solid-state product. As for this 
preliminary reaction region, it is desirable to be operated under conditions to which C VD growth of the 
resultant between future gaseous-phase pulses is urged, on the other hand the above-mentioned reaction 
chamber which forms the 2nd reaction zone is operated under conditions to which ALD growth of a thin 
film is urged. 
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[0037] Drawing 1 shows the desirable ALD equipment incorporating a preliminary reaction machine unit. 
The general principle of this invention is explained based on drawing. The various modes which carry out 
the concept of this inert gas bulb operation are verified in more detail about one example. 
[0038] The equipment of drawin g 1 consists of two reactant generation sources, the preliminary reaction 
space 3, and the reaction chamber 4 for the reactants A and B shown with signs 1 and 2, respectively. The 
flow rate limiter 21 was formed and the reaction chamber outlet pipe 5 is connected with the exhaust air 
pump 6. While using inert gas like nitrogen as carrier gas of a reactant pulse, it is used also for the purge of 
the preliminary reaction space and the reaction chamber which are performed between the pulses of reactant 
gas. Bulbs 7 and 8 are inserted in each of the conduits 9 and 10 between the source of inert gas, and the 
reactant generation sources 1 and 2. 

[0039] The reactant generation sources 1 and 2 are connected with the preliminary reaction space 3 with 
conduits 1 1 and 12 again, respectively, and they join the inert gas supply lines 13 and 14 before the 
preliminary reaction space 3. conduits 1 1 and 12 - each — disconnection - it is connected with the outlet 
pipe of a reaction chamber through conduits 15 and 16. 

[0040] conduits 1 1 and 12 - a reactant generation source and disconnection — the filter is incorporated 
between the nodes of conduits 15 and 16 ( drawin g 1 un-illustrating). 

[0041] the flow of the reactant [ bulbs 17 and 18 are formed in supply lines 13 and 14, and the flow rate 
limiters 19 and 20 are formed in conduits 15 and 16, and ]-by this gas under reactant pulse occurrence — 
bypass discharge — it has turned to not the conduits 15 and 16 but preliminary reaction space, and a reaction 
chamber. 

[0042] a carrier gas -- conduits 9 and 10 each by-pass lines (the 4th conduit) 22 and 23 -- minding - the 
upstream of the flow rate limiters 19 and 20 — discharge — it is connected with conduits 15 and 16. This 
flow is restricted by capillary tubes 24 and 25. 

[0043] As shown by the broken line, the conduit which connects the reactant generation sources 1 and 2, the 
preliminary reaction space 3, a reaction chamber 4, and them forms the "hot zone", and the temperature in it 
is beyond the evaporation temperature of a reactant. although based also on a precursor ~ typical — the 
temperature — the range of 25-500 degrees C — it is about 50-450 degrees C especially. Although an 
atmospheric pressure is sufficient as the pressure in the gas passageway which is well-informed about the 
inside of a reaction chamber and a reaction chamber, and freedom, it is preferably operated especially under 
reduced pressure by the pressure of the range of l-100mb (102-104Pa). 

[0044] This equipment is operated as follows. From the source of inert gas, gas is flowing by the fixed rate 
of flow. When opening a bulb 7, a supply line 13 is closed by the bulb 17. then, inert gas passes a reactant 
ingredient and flows (or the gas space close to a reactant ingredient — passing). Therefore, the carrier gas 
containing Precursor A flows toward the preliminary reaction space 3 and a reaction chamber 4 from the 
reactant generation source 1. Moreover, even if inert gas passes along a conduit 22, it flows, in this way, the 
inert gas included in a conduit 15 — the flow of a precursor steam — discharge — the barrier which prevents 
going into a conduit will be formed. If a bulb 7 is closed and Rhine 13 is opened, since the flow of the inert 
gas of the reverse sense will arise into the part between the gas line 1 3 of the reactant gas lines 1 1 , and a 
conduit 15, a gaseous-phase barrier is formed in the reactant gas line 11. Reaction space is washed by the 
inert gas supplied through Rhine 13 (Flushing). 

[0045] Also after Flushing, the front face of the gas passageway in a system and the residue of the precursor 
A weakly combined with the front face in a gas line 13 or preliminary reaction space will remain slightly 
especially. If a bulb 8 is opened and supply lines 13 and 14 are closed, it combines with the precursor A by 
which Precursor B flows in the preliminary reaction space 3, and remains in a preliminary reaction space 
front face, and Precursor B will flow to a reaction chamber 4 continuously. That is, the chemical purge of 
the precursor residue is performed. If Reactant A and Reactant B meet in preliminary reaction space, CVD 
growth will take place. The solid-state resultant of the preliminary reaction space 3 is removed apart from 
the ALD growth thin film in a reaction chamber 4. In a desirable mode, a resultant is especially deposited on 
a destroyable substrate. However, a resultant may be formed also in the wall of the equipment which 
constitutes preliminary reaction space, performs defecation (cleaning) thru/or washing (cleansing) of a wall 
in that case, and removes a resultant. 

[0046] The mode indicated by drawing .1 is convenient at the point that the amount of moving part is not in a 
hot zone. Therefore, as for bulbs 17 and 18, it is desirable to consist of the usual capillary tube instead of a 
mechanical bulb. Or you may make it place bulbs 17 and 1 8 out of the field (hot zone) surrounded with the 
broken line. In that case, it is desirable to prevent forming the small bypass for inert gas (or leakage and a 
cone bulb) in a bulb, and condensation of a source material arising near the bulbs 1 7 and 1 8. 
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[0047] Drawin g 2 shows the mode which this invention simplified, and this consists of a raw material flow- 
system [ which was unified using the capillary tube limiter ], inert gas bulb operation, raw material flash 
plate, hot drain, and particle filter, and additional inert gas (nitrogen) feed (Ps>Pp with system ** higher 
than a precursor partial pressure). In drawing, signs 21, 22, and 23 are bulbs. A bulb 21 is for controlling the 
flow of a carrier gas, a bulb 22 is for controlling the flow of the purge gas which passes along a raw material 
24, and a bulb 23 is for controlling the flow of the purge gas which passes along a bypass line 25 (23 is the 
bulb of additional gas). A sign 26 expresses a purification machine (see the above), and a sign 27 expresses 
a reaction chamber. Signs 28 and 29 express the source of nitrogen gas. Signs 30-32 express a capillary tube 
limiter. 

[0048] In this mode, additional nitrogen will be supplied from the source 28 of purge gas, and the back 
suction capillary tube gas line 33 will be closed between precursor pulses. Diffusion barrier passage is 
formed in Rhine 34. This mode is good to use for the source of material gas, and the R/C circuit which it has 
combining a purification machine. It is the advantageous point that this mode of there being no loss of a 
precursor between pulse cycles is exceptional. 
[0049] 

[Example] The conduit for removing inert gas from the conduit (the 2nd conduit) for introducing inert gas 
into the conduit (the 1st conduit) for having the diameter of a quadrant inch (about 6mm) for the 
configuration of the process by this invention, and connecting 1 reactant generation source to a reactor, and 
two communication trunks, and three communication trunk (the 3rd conduit) 
It examined by assembling the ALD method unit using piping to constitute. 

[0050] The 3rd conduit was connected to the 1st conduit in the distance of about 10cm from the node of the 
2nd conduit. Hereafter, the part of the 1st conduit over during these two nodes is called a "barrier zone" or a 
"barrier part." The porosity filter layer was included in the 1st conduit between the reactant generation 
source and the node of the 3rd conduit. The examined reactant generation source consisted of the various 
solid-state and various liquid precursor which were led to the reactor with carrier gas through the 1st conduit 
from the reactant generation source. In the exam, carrier gas was what consists of nitrogen. 
[0051] The flow which passes along the 2nd conduit of the barrier gas of a nitrogen gas system was 
controlled by the massflow controller and the bulb. The amount of the gas discharged from the 1st conduit 
via the 3rd conduit was controlled by the exchangeable capillary tube throttle valve prepared in the 3rd 
conduit. (Pass the 2nd conduit and/or reactant generation source respectively) The part was discharged 
through the 3rd conduit among the gas supplied to piping, and the remainder was discharged through the 
outlet pipe of a reaction chamber. 

[0052] a gas flow rate — the 3rd conduit, i.e., discharge, » the connection to which the gas stream which 
goes via a conduit faces to a reactor from a reactant generation source — a conduit (the 1st conduit) — it was 
selected so that it might become sufficiently large preventing inner diffusion. The amount of any reactants 
which invade into a barrier zone by diffusion was 1 ppm order. However, the actually used rate of flow was 
larger so that the barrier effectiveness might be made into max. Barrier styles were about 20 sccm(s) (a part 
for legislation cm [ in normal pressure and temperature ]/is expressed "seem, i.e., "standard legislation cm 
per minute","). When the flow of the carrier gas for the flow of the barrier nitrogen under barrier formation 
and the reactant generation source between under pulse occurrence was 200sccm(s), the gas stream which 
passed through the reactor is about 90% of the total gas stream, and about 10% of the total gas stream 
flowed to the drain pipe, the conduit with which similarly a barrier style (or powerful, as a matter of fact 
quite larger flow than flow required to form a barrier) also faces to a reactor — it can bring inside. This flow 
prevents the diffusion which goes to a reactant generation source from a reactor. 

[0053] Piping was taken as the magnitude which can form two paths out of range [ an above-mentioned 
barrier zone ]. The conductance ratio between the two paths is 1/10 (drain passage / reactor). The flow in 
tubing was distributed between passage corresponding to the conductance ratio. Barrier zone ** differs or 
from drain pipe ** a little in practice. Otherwise, the flow of the gas from a barrier zone to a drain will be 
lost. But differential pressure required to produce such small flow is very small as compared with the 
differential pressure required of acquiring sufficient gas stream which lets a drain diaphragm or a reactor 
pass. If required, the fluctuation in drain flow can be compensated by making for example, a drain 
diaphragm into the dimension beyond the need. The pressure of a barrier zone was about 3mb (about 
300Pa), and the pressure in pump system piping was about 0.1 mb (about lOPa). When a process was 
performed, there was small fluctuation of a pressure. It is because there is a reactant gas which only a carrier 
gas is supplied to a barrier zone during barrier formation to the same capacity being introduced into a 
reactant generation source as a carrier gas during pulse occurrence, consequently is supplied to the 1 st 
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conduit during pulse occurrence. 

[0054] Pulse occurrence was performed as follows. First, the reactant generation source was held to barrier 
Aiuchd. That is, the gaseous-phase barrier was formed into the barrier zone by introducing nitrogen into the 
barrier zone of the 1st conduit through the 2nd conduit. The nitrogen style was divided into two flow in this 
part of the 1st conduit. One side faced to the reactor and another side faced to the reactant generation source. 
That is, the barrier was formed bidirectionally. 

[0055] In the barrier zone, the nitrogen style of the direction turned to the reactant generation source led all 
the precursor molecules by which diffusion installation was carried out to incorporation and a drain. 
Subsequently, the reactant steam was carried through the 3rd conduit and discharged from equipment. 
[0056] When the source of a precursor was activated, the nitrogen style used since a gaseous-phase barrier is 
produced was passed as carrier gas through the source of this, and the flow was turned to the 1st conduit, 
and it passed through the filter, and went into the barrier part of the 1st conduit. Since the 3rd conduit was 
disconnection, flow was divided into two parts. On the other hand (small part), although it went into the 3rd 
conduit, the direction of a main part (90%) was led to the reactor. The unreacted remainder followed on 
carrier gas was made to join after a reaction in this side rather than the gas stream and pump which have 
passed along the 3rd conduit. 

[0057] It is the description of this suitable mode of this invention for the gas stream in the barrier zone of the 
1st conduit to be turned to a reactant generation source during barrier formation, and to be turned to a 
reactor during occurrence of a reactant pulse. 

[0058] evaporation of a reactant — a cause — under pulse occurrence — the conduit of equipment — inside — 
a little — or - since a pressure rises, in order to maintain fixed ** substantially covering all processes, two 
modes were examined that one mode should be chosen, the 1st alternative — setting — a drain — supply of 
the direct nitrogen to a conduit (the 3rd conduit) was examined. The rate of the flow in this supply was 
about 1 of all flow/10. This flow went mainly to the drain and there was no reactant consumed by futility by 
flowing during pulse occurrence in a drain as a result. 

[0059] Use of this kind of nitrogen style passed to a drain is suitable also when a filter has low conductance 
(filter with which the eye was got blocked). Such a filter becomes together with the volume of a reactant 
generation source (container), and forms RC (resistance-capacity) circuit. The pressure of reactant 
generating Gennai under pulse occurrence increases so that it may supply the gas stream of magnitude 
demanded through a filter. 

[0060] A pressure is slowly discharged through a filter during barrier formation. If it puts in another way, 
leak gas will flow from a reactant generation source to a barrier part. If this gas stream is as large as 
equivalent (or sometimes larger than it) to that part of the total gas stream which flows through a drain, there 
is no barrier style which has the direction of the right then (that is, turned to the reactant generation source), 
or the rate of flow of that barrier style will not fully be large. In this case, machine operation must be 
delayed until a suitable barrier style is formed in a barrier zone. This delay makes equipment slow and 
worsens productivity. The speed of equipment can increase the ratio between a drain style and the flow to a 
reactor about 1/10 thru/or 1/1, or by enlarging more. Then, even when outflow is large, a required number 
seem in a barrier part of flow rates can be secured. On the other hand, another problem appears. That is, the 
flow to the drain under pulse occurrence will become large, and the one half (or more than it) of a reactant 
will flow to the 3rd conduit to only the one half (or amount smaller than it) of a reactant flowing to a reactor. 
In order to eliminate expansion of this problem or to reduce, pulse installation of the inert gas can be carried 
out to the 3rd conduit during occurrence of a reactant pulse. Inert gas is preferably connected to the 3rd 
conduit before a capillary-restrictor machine (upstream). This inert gas is thrown away, is made into gas, 
and flows to a drain partially, and the direction of reactant gas flows to a reactor, thus — this mode — setting 
— under pulse occurrence of the reactant to a reactor chamber ~ a barrier style ~ the 3rd conduit — it is 
formed inside. It is possible to adjust the pressure in piping through this process, with the amount of the 
barrier gas introduced, so that uniformly. 
[0061] A bulb can also adjust the flow introduced into a drain. 

[0062] The important dominance point of the above-mentioned configuration is that use of equipment is not 
limited to a specific temperature requirement on condition that the ingredient of piping carries out [ not 
needing the pulse occurrence bulb by which equipment is operated within a hot zone, and ] durability to the 
situation enough. 

[0063] In order to close the source of a reactor between the next operations and on account of the reason of 
maintenance and insurance, other components, such as a resistor, a manometer, and a bulb, can be included 
in equipment. 
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^co+^^ft^^^^^5cD^^^+^r^^^ 

or, RJC*3Kftfe«|&^5fcfe|ctt*^ y 

ix*s, *0 + ^*Lfc»*Bft«j«^J:!9»tr*filii-5 
L< ^#mJKKS§(c«/j^ftftH^e>ftv>fc^ 

50 5 D 



[0 0 0 9] ALDOSW^im -fttfrh. W 

ux<ot&m*. m^^^tz^m^^-r^^M 

2 5 0-50 ox:<Dmw<Dmi&tmf±k[c&rtz>mMX' 

^terttititebfa^tzrtxt*te< , ^$%i&mzs>\,^x, 

xv^^-^^^(D^^±m^Mi&m^ivx^rzm^ 

(Dx^try b&xxf^v^^izmmztixit^zmft^tt 

(nm&{z£<o x m{^tz\^/^x.xim^<omPc(D^m(o 
tzMzwtftZMzA l Dmwiz&mmm&zttinnz-z 

[0 0 10] 

i&mwikL*.? t-r&ma] *&m<D%mit. sis 
^izmfrtitzmfo±tzALDmz£^xMm&i&M£ 

swti, m&&tz&mfc<DfcfcMm±m&i&mi,. mx. 
^mm^^±m^b^hri^mm^^tzitmm^ 
m&i~z>tztbi l zmm%s&m\ h ty^±^mm^> 

[0 0 1 l ] J^T^fS®T'Wtb^Mc^5^^co^rfei-«- 

Tkzumzin,, ?i — j±£titz&wiz£^xmf&£ti 

So 

[0 0 1 2 ] 

[«««:#2fc-t-Sfc»<D^&l *3§W4, ffi*. SJSIfc 

* *S ct l>' § h t& Z> ' < — v? / • y u * S: A/ "C V ^ 5 „ 
[0013] ^BKKte, aTC^o^tS 1 £0 

1 W#*fc««LTl*S#ffl»* («T rm3C03g 
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fr^tixv^^mzmztixi^* m3<nm<g*m2 
w»fw»«» «t i9 ±«MW-es i W» fc saw a r t 

Kit), »l«)W»«r^LTBa64fc«*«t*»6R«a^ 

10 [0 0 14] iMBWKJ; 

£tiX\,^Z±X<Dnft&tzmzb/v¥<D&ft{zte\,^x* 

««co»^4ft«T*#5fc^T*fc9, saiettKco^w 

^JKfiK^J; f9^*i\ '<~is^4 9 J\s^(»ffaWfa'tt.<oWi 
[0 0 15] »«SdSRffi*»^WtS«?*i:«r4B2*c 

mwi-t z> w<g * t-^Dx. btix i * z> mmtenffi&mz xti 

40 BL<*Wt*. 
[0 0 16] 

B!«:rt«Slt«*ife-CfcoT, C^^&(4S«^R^^ 
[0017] *^fe(4~JSWl^> J^TOXS : SJC*S: 



0 

[0018] *«w»-j:ntf. m^x*& 

#*L<f4#&fctt<DMl* (WTlcfc 

[0 0 19] SSl ro8Wf<zv<iJir— ^ 

(SB i oSHFcfctt £>m 2 *s 4 IMS 3 (Dig'ff t <a&lft£ 
SB) T-li, ^^^^^(4SlS^(Cf6]/j^\ ^f£tt#;* 20 

5£-<<.5 <fc 9 *f*Lv>H«te<OloT-li. 

[z./<» ■r-S->&WtXb±\>\ 
[0 0 2 0] r^FStej ^^tt^mSSIiSJC 

3g^?>*j£T-l4^?St4;tf;M4» StfafetfJaMe^/w*©* 

[0 0 2 1 ] r^jfc^tfv?— i?i if4, RtS^o^fB^ 
rtifi*t5„ v'Ji, ZJwx/i^&jgAi-Situ 

100 2 2] rs«J«9J t ^ 5 SSH4*{t "T«E 40 

(4 2 -5©S<c5^/w- XKJg-f SK)ttfeiSrffiffli-50^ 

±tf t h d mmk&tow 4 9 <e*«dfe«{k**-C*> 

5„ &KteR)S4£l±: LTIi, Zn, ZnCh, TiC 
Ca(thd)!, (CH3)3AI, C p 2 M g 3r*£lf 
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[0 0 2 3] #JB9§»4. ttiMNE-t?tt#SfcM:Hf*-T?fc 
[0 0 2 4] rKJSttSB£jRj £ |±, 5UWf44An 
5*»<9s«>Aix1fc«r»-*- Q iixHtatt*-r ]>+—#*«: 
t Sro/i <-**»cSStt-f 5 r b *ST-# 5 ttS P J b * 

m i b $&iz.mmLx\,^z> ^ bi>w$. 

[0025] riirolfj fci4, fcir^Ji. 

fcfctt) ©trot-fc^ t»5 iof4^et£#*£3l#i£ 
[0 0 2 6] r«K§|j icj; K> . EJ&^W#fi1rC-#ffl/.i^ 

T*I4, ffiiaSJi^w/P^^fctt^ewdf-a.^— 

[o o 2 7] ttf^.^^mmwm(o i ^zxtiti. 13© 

itTfcoTfcik'. SBSO^fftt, 515^^20 LTV * 
[0 0 2 8] M2<05S < fff47^>'W^ tK^W^rotfcS 

*^ ^ » Sr •? tb-r r b # t? # 5„ ^<d mmwmx i4^ta 




(6) 



^&m.i~z>zkbx%z> 0 

[0029] ms<D cki-v) mi<omvtm 

[0 0 3 0] L^HISJKJBO l ot*(i, 10 
ffl S JEW £ S ' * t / </u 7 co M (i , 38 £»u& » & 

[0 0 3 1] *3OW*«raur9l*tfe*»il&*H|0!)R 
0SSM"5f3:5ris#*Li\, SMoioT'li, S3 co 
<&flW5**«"f S «t 5»cJE**iJ:V/*fcli»*«:ia< 

[0 0 3 2] *3^a»«Sra5^Fgtt^^»ciirt:, a 

«4l0%«TTfc5 o /^^gtl^awilffiio 30 
T, |gl O^^fegit^^S^^^SKtiiriglP]* 
mV<ojj\z r^LM-Tj ^fci:4S, B'JflK^etttf* 

[0033] mi tm3<Dmv<nnttffimt:w&-rz>tL « 
mz{± s tR 3 (Dm^^tzffimmvm&m^&ts z t tm 

[0 0 3 4 ] 5FjStt^fr*4a>SMFA»P>, S3^f 

mmmxx *)UL<n&c2> 0 50 
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[0035] *«^ti, p]l:tH^iAo^J^^llB(w*5v^T 
\zfcfcmwfrbv&&-rz>zkfrx$% 0 #*L<tt* 

[0 0 3 6] ±.m&7£<D A L D^f&<0$IBf2, Rtf^CO 

fsrtmso z(D^mR^m±^<om.m^^ 

[0 0 3 7] 01 tt^f «S*S»^= * h Sr*£^iiAyfc» 

[0 0 3 8] EU£>3£EKL **L-e*t«F*l *5<fctf2-e 
^£ nSRJCfeAfe ctT> # B (DtzbbCD 2 ^<Dfcj£s%o$£± 

[0 0 3 9] SJS««*» 1 , 2 ttSfc^HRRjCffilW 3 

tibnt^msussm 3 ^BuT*^si4^^^7>f ^ 1 

3, 14t^«ELTV^ 0 »f 1 1, 1 2l*Vvfnt>BB 

[0040] it 11, nit BL»m9t±mtmtkm 

f 15, 1 6<75»«^i:<75iffl(c7^/u^^ffl^.5&*ix-c 

1^5 (in 1 TMi^ia^) o 

[004 1 ] «7^yi3, 14i:tt/^17, 1 
8 3ftS»lt6*t, if 1 5, 1 6{C(lnfLfflffi1JPg^l 9, 2 




(7) 



[oo42] ^tyt-^st9, 1 ott^Tnt'* 
(m4comm 22, 2 sst^ltsmmijir 

819, 2 0(7>±^lijT^tti2St : l 5, 

So 

[0 0 4 3 ] «ftj»-e^Six5«t RfS4M6£«i , 

M^Cli^^ISli 2 5-5 0 0 twil, 
jB5 0-4 5 0CT'fc5 o EJ6Srt:fcJ:U c RJS*i:aft 
icii i: T u * * ^ ^ coJE^j I i*«EE-c «fc v , » 
iKiifiET, SCl-100; y^-/u (1 o 2 - 
1 0 4 P a) <DmW<DK.£)T*mt'tZ>o 
[0 0 4 4] Z.<DmWWk<D£olZt&ft-TZ> 0 ?FStt^ 

< t M7^>1 3^r^l 7t^^o +5 

fcisot, SffiB^KA fc^fr* y ir— ^r^fi, s/Cft 

1 t>* *> "T-ffiRfc&m 3 *3 J: t>'R]£^ 4Ctoot 
r. 5 Its 2*« 1 5*rAofc^fStt^^ttmJB«5R§R* 

(nmtLmmm i %\z.xz><D%:m<'< y ^-zxm-tz z 

tf^Y^l 1 tf> 5 3<hif 1 sorb 

fo 5 irj # <D^t£i£#* <omtifr± c & fc 

[0 0 4 5] 77 2/'>^^t, ^F^ICO^^»gggCO^ 
j®, 5^>1 3^«KffiffilBrttf>*fl6K:i±, 

9o '<A^8 ^1 3, 14MC5^ 

^5<ir> CVDfi8:**Sjg- a w ^«SJC£ffilW3 0HflcK 
JS£/£WiE/£M 4 1*] A L DfiRftWBtfc «8'JI-»* £ 

*>»*tt«*>f*iM; (ci eaning) N L-iSfef^ (cleansin 
[0 0 4 6] m 1 fcBil^£jftfcl»«l±, 

^17, ]8iia*oi««4^m<^f 50 
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Srflfc»"CH4tLfc*« <D*Mc«<J:5 

[0 0 4 7] H2tt**MOfBj*<tLfcJB«Sr»"*"t^ 

Ps>P P ) 36»fe/i5 0 HK*5^T\ ^2 1, 2 2, 2 
3(i><yU^-Cfc5 0 '<A-:/2 1 I*** y ^-^(OSSiX 
Sr»J»-t-5^i<><0'b<D-Cfe9, ^2 2iiM2 4$- 

/U:/2 3l2yW*;*7>r >2 5£ri§£/<— v^^OgKft 
S:©J»-rSfc«><Otco-CfcS (2 3tt#JnW^^O^/v 
:/) o ??^2 6te*f®i§g (±IBS:#HB) «:*U «F»2 
7 teEJS^SrSE-n 2 8*D«tU?2 9 tt^if # *2S£ 

^30-3 2a«»*Mni>«:*r. 

[0 0 4 8] ttSn«tt*as/<--^#;*8K 
2 8 ;&»e>Wi&& Six, mKff/-«/u^o|Bttx<2x^»gi*iNB 
tftf*^ ^3 3Sr(BC5w irKttS. 7^>'34 {^(^ 

[0 0 4 9] 

(«6mm) ^HSSr^LJ.o 

2) »«ff^^ffitt^^Sr*A-f-^fc«>(D8|C« (S2<7) 
»«) &tf 

3) Stt»**b^gtt^^SriS***Sfc«>o»* (^3 
SrWfiKi-SiBffSrfflv^ALDft^ny HSrfi^SlTS 

[0 0 5 0] ^3 2 ©*«<DS5«^^e>#?j 1 

l <Oi»«*jKTR*S«— ^-^ y 
fc*jc»*»ixfc««(7>H#Xr/«*mw*K^fefiKo 

[0051] wm#*7k<n'< y i—^^com 2 co®^^ 
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m^&<9ftvmmLtz 0 m 2 comets xv/t. 

[0 0 5 2) ^/^ffiiSfi, ^3(D^^f ^^^^ai^^ 

+»*#<fc£J:9lc«££ftrt:. tt*JCj:9/<y^- 
^ic«Ai-4t^»/«c5SlC4ftcoa:fc 1 p p m(D^-— 

tt, '<y+-»»***U:-rsJ:5fc. J:f9*#^fco 
"C#>ofc 0 y — Mtii&7 20sccm ( r S ccmJ 

atf-c^fflfe-fcvf-* — h/u/^Sr^-T) "Cfcofco 

^>W^Rl£ft*^JIg^fc^^^f^ y i*— #*<z>8fE;h,j&s 2 
0 0 s c c rat^of:^ s 8Kt±|g# 

tcsfch,*:. italic s ^y^r— gs (*>5isi'<y ir&JKidc 
*l) t * fc s/s^ ft a> ? ar rt K fc fc b i- r. t ffi x 

[0053] iB*tt. ±a*?v<y ^—/-><D$mtv\z. 

2 owgjgJrMt # 5 i 5 $ i Lto ^2o 

fibfi, UBS**, W^ioti^. -t3"C*v^t % ;< 

t S:M£il±(0-+ffil:t 5 r. fc J: o r 

y^<-/U (83 0 0 Pa) ■^fcfltfV^ESrtOffijfc 
fittO. lSy^-yu »10Pa) TAofc. Ig/P 

/u^*fi*tt|p| y -t— t LTRj&fe 

«£«K3fA$*xS<z>i;:*tL-C, ^y -f- 

y y <ta>*S 

Srt?***»fir^y-V'-ffirtfc:«»Lfc 0 
»i0>yMff<zv<y-t— ^JciJB 2 0>i»tfSrS It 
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[0 0 5 5] y<y -f- >fc*5V*Ttt, KJ£4fe9B£iK 

[0056] «j«*w»^istt<ksnfc^tt, artery 

T*ir yir— Lr^$tb, *LT*<7>»UiSSl 
<0/<y+-ffl#fcAofc. m3^W«iP8*fe^cO"C% ^ 
JB3 0»»*c:Aofc*s, ±tcZ>n& (9 0%) <7>#i*K 

[0 0 5 7] ^lcD©^0/^y ^r->/-^rtco^/^g?c 

[oo58] Rfcm<D^ttimmT-s</\sx±m*temv: 

»1/1 Offcoto r.<^fflm^i: LT KL-^— it 
so f&SkbLXs ^>^^g*C Ki/^^MtL^d <h(c 

[0 0 5 9] KU'^^SK-T, rco®^^^^o^ffl(i N 
RftVomtkM («») osat-«i:ftoTRC (Sit 

[0 0 6 0] y ir^t \$E.Mfi? 4 fr* Srii 
40 o< 0 fcWfflSJi,*. tfeS-f y-^^^RUS^ 

^^friiLT^tLS^^fflE^^a^t-taa-rS (UK 

r^t-t bttfc) y — tftfifttv **»*vM4-to/< y se 
ig<cy<y ir— «MS'<y -ir-^— ^JB*$*ts*-e*« 

so »^Oflttti:OBJOJt«:j|fti/i 0 7I73I l/l*l^4t 




(9) 



tt5^H*»s c c m<Dififl;£fig{$T*#5 0 9 
ixJ: «9 t>'>#l^fi) La»SS*^ SHxfci^fcat ITS 

t-Dgix. * LTSfi?fe^/^^*{iSlSS*cSKlx-5 0 #r< 
[0 0 6 1] K \y ^^WASnSStntt^^^-CBItt-f 

Q^Ht^o 20 

[0 0 6 3] ^(OjietcoW-tUT^i:^^*^ 

[BS^>lRi|LftNn] 30 
[Hi] *3BW^J:S*jfe<ofc*o±B4*J*Sr, 2o 

3tw BP Lt^tc 

[12] **Wf-J:**j£<ofca6iolBi5||{fcSixfcSB«S: 
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